Introduction
A n independent evaluation of the pledge by 16 major Healthy Weight Commitment Foundation (HWCF) food-manufacturing companies a to collectively reduce their U.S. calorie sales in 2012 relative to 2007 found that they met and surpassed their goal. 1 Given the HWCF's stated focus on childhood obesity, this paper seeks to assess the impact of the HWCF marketplace pledge on changes in consumer packaged goods (CPG) purchases among U.S. households with children from 2000 through 2012.
Additionally, beyond simply looking at the observed changes, this paper seeks to provide a better estimate of the "true" impact of the pledge by adjusting for a number of concurrent factors that may have influenced purchasing behaviors. These include the economic downturn known as the "Great Recession" (December 2007 to June  2009 2 ), the ensuing economic stagnation, and high unemployment rates; global rise in food prices [3] [4] [5] and price differentials across brands; and concurrent sociodemographic changes (household composition, racial/ ethnic makeup, and income status) of the U.S. population.
Indeed, evaluating the independent effects of collective HWCF company product and marketing changes is challenging because (1) there is no "control group" in this natural experiment and (2) there is no summary of how CPG caloric changes were achieved (e.g., combinations of changes in product formulation, portion size/packaging, pricing, promotion). Nonetheless, there is information on CPG purchases (of HWCF and non-HWCF products) in the years before the pledge (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) and the years after the pledge (2008) (2009) (2010) (2011) (2012) .
A basic approach to assess the HWCF pledge would be to compare how the absolute and relative calories purchased changed in the pre-pledge period compared to the post-pledge period, and how these varied for HWCF products versus non-HWCF products. However, this approach assumes that the portfolio of HWCF and non-HWCF products are similar and comparable, non-HWCF companies would not alter their behaviors because of knowledge of the pledge by HWCF companies, and that other factors (e.g., economy, prices, sociodemographic composition) would not affect purchases of HWCF versus non-HWCF products differentially.
Therefore, this study also estimates a counterfactual 6, 7 -by modeling what caloric purchases would have been in the absence of the pledge based on trends in U.S. caloric purchases of foods and beverages prior to the pledge, taking concurrent economic and sociodemographic factors into account. The goal was to compare this counterfactual to what was observed during the postpledge period in order to more accurately assess whether the HWCF pledge was associated with greater reductions in CPG calorie purchases in total, and by HWCF versus non-HWCF (composed of non-HWCF name brands and private labels [PLs] ), compared to what might have been expected without the pledge.
To ensure the highest scientific integrity and quality, an independent Evaluation Advisory Committee of eminent scholars provided scientific review and advice. 8 A critical dimension of all work is reproducibility in decisions regarding the methods and metrics used.
Methods

Data Sources
For reproducibility of findings, we used existing publically or commercially available data that were not reliant on propriety data from the 16 companies. Appendix A describes the various data sources used and how they were linked, with the main data source being the 2000-2012 Nielsen Homescan purchase data. A detailed review of these sources is provided elsewhere. 9 Analyses were conducted in 2013.
For this paper, identification of HWCF products in each year was based on information on the brand and manufacturer of each Universal Product Code (UPC) provided by Nielsen Homescan. This approach differed from that used in the previous paper 1 because it was not possible to reliably or consistently find information about the sales, acquisitions, joint manufacturing, or shared distributions of brands from the 16 HWCF companies going back to 2000. Additionally, it was not possible to apply the inclusion and exclusion criteria to reliably distinguish those products considered to belong to the HWCF companies across 13 years of data in a logical manner given mergers, acquisitions, and changes in distribution agreements across the companies. Appendix Table B1 describes key differences and similarities between this and the previous paper.
Measures
Among U.S. households with children, the measurements of interest were (1) total CPG calories purchased per capita per day; (2) CPG calories purchased from HWCF name-brand products per capita per day; (3) CPG calories purchased from non-HWCF name-brand products per capita per day; and (4) CPG calories purchased from PL products per capita per day. CPG purchases were further disaggregated into calories from foods versus beverages.
Data Analysis
The 2000-2012 Nielsen Homescan household CPG food and beverage purchase data were used to estimate trends in calories purchased per capita per day among U.S. households with children (61,126 unique households). These data were weighted to be nationally representative using Nielsen's annual household weights. Statistically significant differences in the calories purchased between 2007 (baseline) and 2012 (interim year), and the annualized absolute and relative changes in calories purchased between the pre-and post-pledge periods, were assessed without controlling for other factors. Analyses were conducted using Stata, version 12 (StataCorp LP, College Station TX).
In addition to the weighted trends, models adjusting for changes in the U.S. sociodemographic composition; market-level unemployment rates (as a measure of economic health); and food prices were used to estimate the number of calories purchased in the absence of changes in these factors over the 13-year period. Maximum likelihood random effect models with clustering at the household level were used to derive the model-adjusted trends in CPG calories purchased in 2000-2012. Appendix C presents the variables and modeling specifications used in the sample of households with children aged 2-18 years in 2000-2012, which included 655,637 household-quarter observations from 61,126 unique households. Analyses were conducted using Stata, version 12.
Effect of the HWCF Marketplace Pledge
An important question is whether the HWCF marketplace pledge resulted in greater changes in the CPG calories purchased than would have been expected in the absence of such a pledge. However, because this was a natural experiment, hypothetical counterfactuals are necessary. The use of counterfactuals in observational studies are common in helping address both issues of "selectivity" of involvement in the pledge (i.e., unobserved heterogeneity) and "contamination effects" due to responses to the knowledge of the pledge. 6, 7 The counterfactuals are particularly important for two reasons. First, even though the HWCF pledge sought to reduce an absolute amount of calories, it is also important to understand if reductions by the HWCF companies sped up after the pledge (relative change). Second, there are no non-HWCF brands to compare to these global giants in their control over selected sections of the CPG food and beverage sector.
Estimates from the aforementioned random effects models were used to predict the caloric purchases for every observation in our sample for each year, while controlling for the numerous variables described in Appendix C. Next, trend analyses were conducted using the predicted values from the pre-pledge period (2000-2007, 8 years) to project estimated post-pledge period (2008) (2009) (2010) (2011) (2012) 5 years) values assuming a quadratic time trend, which provided a better fit (higher R 2 ) across all models than a simple linear trend. This allowed us to create a post-pledge counterfactual trajectory based on pre-pledge trends. The comparison of these post-pledge counterfactual values to the adjusted post-pledge values determines whether the HWCF marketplace pledge resulted in more or fewer calories purchased compared to the trajectory that was already present before the pledge. Analyses were conducted using Stata, version 12.
Results
Among households with children, the unadjusted trends show that CPG food and beverage purchases fell from 2000 to 2012 (Figure 1 ). The unadjusted changes in calories purchased per capita per day between 2007 and 2012 were -101 kcal among households with childrenrepresenting -66 kcal from HWCF products, -23 kcal from non-HWCF name-brand products, and -12 kcal from PL products. Additionally, relative declines in calories purchased from 2000 to 2012 were larger from beverages than from food products. Appendix B provides details on the comparison these findings to those from the previous paper on calorie sales. and 2012 by four. Total CPG calories purchased declined more quickly in both absolute and relative terms during the post-pledge period compared to the pre-pledge period. Purchases of HWCF products had the greatest absolute and relative declines in the post-pledge period, and the post-pledge rate of decline was statistically steeper than the pre-pledge period.
Declines in calories purchased from non-HWCF name-brand products slowed down in the post-pledge period, but not significantly so, whereas purchases of calories from PL products showed large absolute and relative declines in the post-pledge period. In comparing the annualized rate of decline across brand categories, caloric purchases from HWCF products declined more steeply than those for non-HWCF name brands and for PLs in both the pre-and post-pledge periods. Additionally, beverage calories purchased fell steadily over time, whereas food calories appeared to have fallen at a faster pace in the post-pledge period compared to the pre-pledge period. Appendix Table C1 shows the maximum likelihood random effects model estimates and SEs for total CPG calories purchased among households with children to provide an example of the variables used in the model specification. For interpretability, Figure 2 presents the 2000-2012 trends in the adjusted CPG calories purchased among households with children by brand category after accounting for a number of factors such as household composition, race/ethnicity, education, income, market quarter-level unemployment, and food prices where people reside. The changes in total adjusted calories purchased are much steeper than the unadjusted values shown in Figure 1 , indicating that concurrent economic and sociodemographic changes actually dulled the general downward trend.
Appendix Table C2 presents these adjusted calories purchased by brand category among CPG foods and beverages, with SEs and 99.9% CIs. Sensitivity analyses that account for variation in less reliable and missing caloric information over time and by brand category found that these controls did not affect the adjusted calories purchases over time.
The comparison of adjusted CPG caloric purchases among households with children between 2007 and 2012 showed a statistically significant (po0.001) decline of 206 kcal/capita/day, representing -96 kcal from HWCF brands, -63 kcal from non-HWCF name brands, and 47 kcal from PL brands (Appendix Table C2 ).
To determine whether the HWCF marketplace pledge resulted in greater changes in CPG calories purchased relative to those expected in the absence of the pledge, the model-adjusted post-pledge values were compared to the best-fit post-pledge counterfactual (quadratic time trend). Consistent with the unadjusted results that assume a linear time-trend in Table 1 , the post-pledge reductions in total adjusted CPG calories purchased were greater compared to the counterfactual (pre-pledge trend) among U.S. households with children ( Figure 3A) . Figure 3B -D shows the results by brand category.
However, unlike the unadjusted results, which assume a linear time-trend, we found that the pledge was not associated with greater declines in HWCF caloric purchases, once we accounted for economic, sociodemographic, and secular factors. In fact, the declines in calories purchased from HWCF brands were lower than expected from the counterfactual ( Figure 3B ). Meanwhile, declines in calories purchased from non-HWCF products were higher than expected based on the counterfactual between 2008 and 2011 ( Figure 3C ), and declines in calories purchased from PL products were higher than expected throughout the entire post-pledge period ( Figure 3D ). Appendix Table C3 presents the comparison of the predicted post-pledge purchases to the best-fit counterfactual trend used to determine statistically significant differences at po0.001. For simplicity, only results comparing caloric changes for HWCF versus non-HWCF (non-HWCF name brands plus PLs) are presented in investigating the adjusted trends in food calories and beverage calories purchased compared to the best-fit counterfactuals. For both foods and beverages, declines in calories purchased from HWCF brands were not as great as the counterfactual (Figures 4A  and 5A ). Reductions in calories purchased from non-HWCF brands were greater than expected by the postpledge counterfactuals for foods ( Figure 4B ) and for beverages at least until 2011 ( Figure 5B) .
We also highlight results from two food categories that contribute substantially to total calories purchased by U.S. households with children for which HWCF brands have significant market share-grain products and sweets and snacks. 1, 8, 10, 11 Regardless of brand category, reductions in calories purchased from grain products were statistically larger than the counterfactuals (Appendix Figure C1) . For sweets and snacks, results show that although calories purchased from HWCF sweets and snacks declined, the post-pledge reduction were statistically smaller than the pre-pledge trends indicate. Reductions in calories purchased from non-HWCF sweets and snacks were statistically greater than expected based on pre-pledge trends (Appendix Figure C2) .
Comparative trends in calories purchased from carbonated soft drinks alone are also of interest as they are also targets of reduction with significant HWCF market share. 1, 8 Regardless of brand category, these reductions were not as great as expected given pre-pledge trends even though calories purchased from carbonated soft drinks continued to fall after 2007 (Appendix Figure C3) . There also was an increase of calories purchased from carbonated soft drinks between 2010 and 2012.
Discussion
We found that the unadjusted difference in caloric purchases by U.S. households with children between 2007 and 2012 showed a 101 kcal/capita/day reduction due to a 66 kcal decline from the HWCF brands, 23 kcal decline from non-HWCF brands, and a 12 kcal decline from PL products. Reductions by all U.S. households were generally lower and comparable to findings from the previous study (Appendix Table B2 ). In the post-pledge period, total unadjusted CPG calories purchased declined more steeply in both absolute and relative terms, than during the pre-pledge period owing to faster declines from both HWCF and PL products. Additionally, the unadjusted annualized rate of decline was the steepest for HWCF products in both the pre-and post-pledge periods. These overall reductions could be explained by a number of supply-side mechanisms, including, but not limited to, manufacturers creating, marketing, and selling lower-calorie offerings from reformulated existing products or creating new products; reducing package sizes or increasing price per volume or weight and thus reduce sales without necessarily affecting revenue; and shifts in market share across brand categories. It is challenging to disentangle whether, and how much, each of these factors may have contributed to the noted reductions, but findings from other studies suggest that there may be some portfolio changes toward less energy dense products. 1, [12] [13] [14] There are also demand-side factors that may have affected purchasing behavior, such as consumers choosing healthier options, changing sociodemographic composition, rising food prices, or the Great Recession, which began at the end of 2007, and its aftermath. 15 After adjusting for the Great Recession, food price shifts, and changes in the sociodemographics of the U.S. population, we found that the decline in CPG purchases were even larger (i.e., in the absence of these factors, U.S. households with children would have purchased even fewer CPG calories).
The estimates show that if economic and sociodemographic conditions had remained constant over time, households with children would have reduced their total CPG food and beverage purchases by 206 kcal/capita/day between 2007 and 2012, through reductions of 96 kcal from HWCF brands, 63 kcal from non-HWCF name brands, and 47 kcal from PLs. This may be due to simultaneous declines in away-from-home eating 4, [16] [17] [18] and households eating out less during the recessionary period and buying more CPGs that mimic restaurant foods (e.g., frozen entrees/pre-prepared/ready-to-heat dishes) as found by recent market research. 15, 19, 20 Some recent studies using both National Health and Nutrition Examination Survey (NHANES) and food purchase data in the past decade also support this possibility for both children and adults. 15 Consequently, one might expect that as the economy improves, purchased CPG calories may fall even more as consumers begin eating out more again, assuming all else stays the same.
Although not the focus of this paper, it should be noted that food prices generally had the expected negative relationship with caloric purchases (Appendix Table C1 ). Additionally, there was a strong negative time-trend, which is consistent with other recent papers 15, 17 and suggests that public health efforts to educate and encourage consumers to make healthier choices along with shifts in programs such as the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) may be succeeding. 21, 22 Indeed, this study found that CPG calories purchased among U.S. households with children were already falling prior to the HWCF marketplace pledge, but the declines in adjusted total calories purchased fell more quickly during the 5-year pledge period (2008-2012) than during the preceding 8-year pre-pledge period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . In investigating the contribution of HWCF versus non-HWCF products to the accelerated decline during the post-pledge period, we found that the rates of decline in both food and beverage calories purchased from HWCF brands were slower than their pre-pledge trajectories, but this effect was more than offset by declines in non-HWCF brands (both non-HWCF name brands and PLs) that outpace the pre-pledge trajectory.
Given that the reductions from HWCF products were already on a downward trajectory before the pledge, these findings may raise questions about the extent to which the HWCF companies made further reductions after 2007, as well as about the impact and meaningfulness of their pledge. Based on the best-fit counterfactual, we should have expected an additional 42 kcal/capita/day reduction from calories purchased from HWCF products in 2012 among households with children if the 16 HWCF companies had been able to maintain their pre-pledge trajectory.
This is in context of the Children's Food and Beverage Advertising Initiative (CFBAI), another voluntary industry effort that includes 13 HWCF companies. Studies on the CFBAI found that less than 50% of products in TV ads seen by children are covered by self-regulation, and products advertised on children's versus generalaudience programming and by CFBAI-versus non-CFBAI-member companies were of lower nutritional quality. 23 Therefore, these companies need to do more to limit their marketing of less healthy products to children and expand their portfolio of healthier offerings given that the profitability from the "better for you" products appear promising. 12, 14 Another important finding is lack of change in calories purchased by households with children between 2011 and 2012 across all brands, but particularly from non-HWCF name brands and PL products. The observed plateauing in trends since 2011 raises a major public health concern. In this and other studies, declines in household calorie purchases were largely driven by purchases among households with children during the 2000-2011 period. 15 Recent studies have reported marked reductions in daily caloric intake particularly from beverages among children during the 2003-2010 period. 8, 24 Other scholars have noted a stabilization in obesity rates among U.S. children and in lower-income WIC preschoolers in selected states, [25] [26] [27] [28] including the recent finding of a significant decrease in obesity among U.S. preschoolers and no significant changes in obesity prevalence in youth or adults between 2003-2004 and 2011-2012. 29 However, the findings in this study raise the question of whether we may be beginning to see a plateauing (and possible reversal) in the recent favorable shift in food purchasing and dietary intake behavior, and whether this may be more pronounced among specific subpopulations, such as African American and Latino children and adolescents, as other studies suggest. [30] [31] [32] Careful continued monitoring of food marketing, purchases, and intake is needed to address this critical issue. Future evaluations of HWCF marketplace pledge effects will examine differences in these trends by race/ethnicity, income, and age groups.
Limitations
The complexity of this evaluation effort and the limitations in available data sources led to several study limitations. One limitation stems from the lack of information regarding the quality and the comprehensiveness of the Nutrition Facts Label (NFL) data. NFL data precision may be compromised by both labeling measurement buffers allowed 33 and limitations in current legal reporting rules.
Moreover, caloric information for 6.8%-13% of the volume purchased were based on higher-level averages and were not product-or brand-specific, or were missing between 2000 and 2012, varying by brand category (Appendix Table A3 ). Sensitivity analyses accounting for the less reliable and missing caloric information by brand category over time found that these controls did not affect the predicted calorie purchases over time. In addition, it is not possible to know who the actual manufacturers of PL products are, as HWCF or non-HWCF name-brand companies may manufacture some of these PL products.
A critical test of the HWCF changes is ultimately how they affect the dietary intake of U.S. children. We are currently linking the UPC of every CPG food and beverage available since 2007 with the U.S. Department of Agriculture data used in NHANES from 2007-2008 through [2011] [2012] . 34 Among other important research questions, this will allow us to assess the associations between the HWCF efforts and measured changes in U.S. diets, particularly those of children in lower income and racial/ethnic populations at greatest risk for childhood obesity. This is important given the large waste component, 35 which suggests that reductions in calories consumed may not be as large as found in the reductions in calories sold or purchased, particularly from foods. 36 Additionally, because this current evaluation focuses on the CPG sector of foods sold, non-CPG sources are not well represented in this study. 37, 38 The lack of data on non-store sources of foods (e.g., food service, schools), or loose/unpackaged products (e.g., bulk nuts or grains, loose fruits and vegetables, cut-to-order raw meats, deli meats or cheeses), means that we are also unable to directly address the potential offsetting of purchases from these other parts of the food supply. 39 However, a recent paper 15 documents parallel findings between analyses of Homescan household purchases in 2000 -2011 and NHANES 2003 , where both data sources showed greater relative caloric declines among children compared to adults, as well as greater reductions from beverages compared to foods.
Lastly, this study focuses on calories because of its direct relationship with obesity and does not look at other nutrients of concern. Although our findings appear promising from a caloric purchase standpoint, this does not mean that the U.S. food supply and diet has improved: Both children and adults still consume excess solid fats, added sugars, and sodium. 10, 11, [40] [41] [42] Therefore, future research should focus on changes in other key macro-and micronutrients, particularly solid fats, added sugars, and sodium.
Conclusions
Although the previous paper 1 found that the 16 HWCF companies met and substantially exceeded their collective U.S. sales reduction goal for the interim 2012 evaluation, it did not examine the effects on households with children or control for significant economic or demographic changes that may help explain the observed reductions. This paper found that consistent with the previous paper, there was a significant per capita decline in CPG caloric purchases between 2000 and 2012 among household with children from all brand categories, but food waste and measurement issues mean that these results will be reflected in a smaller declines in caloric intake.
After adjusting for sociodemographic and economic factors, calories purchased from HWCF products had the steepest decline in both the pre-and post-pledge periods, but the post-pledge declines from HWCF products were less than what would have been expected given the prepledge trends. Lastly, the lack of change in total CPG calories purchased by households with children between 2011 and 2012 calls into question the sustainability of the decline and the need for continued monitoring regardless of brand or manufacturer.
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